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Abstract A cDNA encoding stromal ascorbate peroxidase 
(sAPX) was isolated using poly(A)+ RNA of pumpkin cotyledons 
by RT-PCR. The cDNA encodes a polypeptide with 372 amino 
acids and shares complete sequence identity with pumpkin 
thylakoid-bound ascorbate peroxidase (tAPX), except for the 
deletion of a putative membrane spanning region located in the 
carboxy domain of tAPX. Southern blot hybridization and 
analysis of intron structure indicated that mRNAs for sAPX and 
tAPX, whose suborganellar localizations in chloroplasts are 
different, are produced by alternative splicing. Immunoblot 
analysis showed that the accumulation of sAPX and tAPX was 
differently regulated during germination and subsequent greening 
of pumpkin cotyledons. 
© 1997 Federation of European Biochemical Societies. 
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1. Introduction 
Ascorbate peroxidase (APX), which uses ascorbate as the 
electron donor, has a role in the scavenging of H2O2. In high-
er plants, four isoenzymes of A P X with different subcellular 
localizations have been reported, namely, microbody A P X 
(mbAPX) [1,2], cytosolic A P X (cAPX) [3,4], stromal A P X 
(sAPX) [5,6] and thylakoid-bound A P X (tAPX) [6,7]. cAPX 
is localized in the cytosol of both photosynthetic and non-
photosynthetic tissues. The function is still obscure, although 
it has been reported that m R N A for cAPX was induced by 
environmental stimuli such as drought and heat stress [8,9]. 
m b A P X is localized on glyoxysomal and leaf-peroxisomal 
membranes and plays a role in the reduction of H 2 0 2 which 
leaks from glyoxysomes and leaf peroxisomes [1]. Chloroplas-
tic APXs (sAPX and tAPX) scavenge the H 2 0 2 within chlor-
oplasts. Chloroplastic APXs have been purified and deter-
mined their partial amino acid sequences [5,7,10]. Recently, 
c D N A for tAPX from pumpkin has been cloned and charac-
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terized in our laboratory [11] and Ishikawa et al. [6] also 
isolated cDNAs for tAPX and sAPX from spinach leaves, 
showing that amino acid sequences of tAPX and sAPX 
were identical except for the deletion of the C-terminal do-
main of tAPX, although both APXs had a putative transit 
peptide into chloroplasts. 
In this paper, we report the characterization of pumpkin 
sAPX for the purpose of investigating whether sAPX and 
tAPX are produced by alternative splicing. We isolated 
c D N A for sAPX from greening pumpkin cotyledons. A 
Southern blot analysis and the characterization of genomic 
D N A revealed that the pumpkin gene encoding sAPX and 
tAPX is a single copy and both APXs were produced by 
alternative splicing. We also report here the developmental 
changes in the level of sAPX and tAPX proteins during ger-
mination and subsequent greening of pumpkin cotyledons. 
2. Materials and methods 
2.1. Plant materials 
Pumpkin (Cucurbita sp. cv. Kurokawa Amakuri Nankin) seeds 
were soaked overnight and germinated in moist rock fiber (66R; Nitto 
Bouseki, Chiba, Japan) at 25°C in darkness. Some of these seedlings 
were transferred to continuous illumination at the 5-day stage. 
2.2. Sequencing of cDNA for pumpkin sAPX 
First-strand cDNA was generated using a Ready-To-Go T-primed 
first-strand kit (Pharmacia Biotech, Tokyo, Japan) from poly(A)+ 
RNA template prepared from 5-day dark- and 4-day light-grown 
cotyledons using Oligotex-dT 30 < Super > (Roche Japan, Tokyo, 
Japan). PCR was used to isolate full-length cDNA for pumpkin 
sAPX. The reaction mixture contained 1 U of Ampli Taq DNA po-
lymerase (Perkin Elmer Japan, Chiba, Japan), an upstream primer 
(ASA-SI; 5'-ATCGCGTTCATTGCCAGTTG-3'), a downstream 
primer (SAPX-II; 5'-GACACGGTCACAACAAAACATG-3') which 
was synthesized corresponding to the genomic sequence obtained pre-
viously (Fig. 2) and an appropriate buffer in a total volume of 50 ul. 
Each cycle was at 94°C for 45 s, 55°C for 45 s and 72°C for 45 s. The 
DNA fragment was subcloned into a T-vector prepared using pBlue-
script KS+ as described previously [12]. The nucleotide sequence was 
determined with an automatic DNA sequencer (model 377; Perkin 
Elmer/Applied Biosystems) according to the manufacturer's instruc-
tions. The nucleotide and the deduced amino acid sequences were 
analyzed with DNA analytical software (GeneWorks; IntelliGenetics, 
Mountain View, CA). 
2.3. Cloning of genomic DNA for pumpkin sAPX 
An intron of the gene for pumpkin sAPX (tAPX) was amplified by 
PCR using total genomic DNA (5 ng) as a template. The genomic 
DNA was extracted from pumpkin leaves by the cetyltrimethylammo-
nium bromide precipitation method [13]. The reaction mixture con-
tained 1 U of Ampli Taq DNA polymerase (Perkin Elmer Japan, 
Chiba, Japan), an upstream primer (pumpchl A; 5'-GGTATTGTG-
ATTGATGATGC-3'), a downstream primer (3'-non; 5'-GGATCG-
TGAAATCAGAAGACA-3') and an appropriate buffer in a total 
volume of 50 ul. Each cycle was at 94°C for 1 min, 55°C for 1 min 
and 72°C for 1 min. Cloning and sequencing of the DNA were carried 
out as described previously (see Section 2.2). 
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(A) 
AsA_sl atcqcqttcattqccaatLactqctccqacqaacacaatttcaacaaaattc 
ATGGCTGCTACTGCTCTTGGAAGCGTCGCCGCCTCCTCAGCCTCATCGACCACTCGTTTC 
M A A T A L G S V A A S S A S S T T R F 
CTCTCCACTGCGACCAGAGCTACATTGCCGTTCTCTTCACGTTCATCGTCTTTGTCCTCT 
L S T A T R A T L P F S S R S S S L S S 
TTCAAGTTTCTCAGATCGGCTCCTCTCATTTCTCACCTTTTTCTGAATCAGGGAAGGCCG 
F K F L R S A P L I S H L F L N Q G R P 
AGTTCTTGTGTATCGATTAGAAGATTCAATGCAGCGTCTCATCCGAAATGCTTAGCGTCG 
N H cti. 
GACCCTGAGCAGCTGAAGAGTGCAAGAGAAGATATCAAGGAGCTCCTGAAGACTACATTC 
D P E Q L K S A R E D I K E L L K T T F 
TGCCATCCTATTTTGGTACGCCTGGGTTGGCATGATGCTGGAACTTACAATAAAAATATT 
C H P I L V R L G W H D A G T Y N K N I 
GAGGAATGGCCGCAGAGAGGTGGAGCTAATGGAAGTTTAAGATTTGATGTTGAGCTGGGA 
E E W P Q R G G A N G S L R F D V E L G 
CATGGTGCTAATGCTGGTCTTGTTAATGCCTTGAAACTCATTGAGCCTATCAAAAAGAAG 
H G A N A G L V N A L K L I E P I K K K 
TATTCTAACGTGACATATGCTGACCTATTTCAGTTGGCCAGCGCTACAGCTATCGAGGAA 
Y S N V T Y A D L F Q L A S A T A I E E 
GCTGGGGGACCCAAAATCCCCATGAAGTATGGAAGGGTAGATGTTGTGGGGCCAGAGCAA 
A G G P K I P M K Y G R V D V V G P E Q 
TGCCCTGAAGAGGGGAGGCTTCCTGATGCTGGCCCTCCATCACCTGCTGCACACCTACGA 
C P E E G R L P D A G P P S P A A H L R 
GAAGTTTTCTACCGAATGGGGTTGAATGATAGGGAAATTGTTGCATTATCGGGGGCACAC 
M N H 
ACGTTGGGGAGATCTAGGCCAGAGCGCAGTGGTTGGGGCAAGCCAGAGACCAAATATACG 
T L G R S R P E R S G W G K P E T K Y T 
AAAGATGGACCTGGTGCACCTGGTGGACAATCCTGGACTGTACAATGGCTGAAGTTCAAC 
K D G P G A P G G Q S W T V Q W L K F N 
AACTCATATTTTAAGGATATCAAAGAAAGGAGAGATGAAGAATTACTGGTATTGCCAACC 
N K 
GATGCTGCTCTCTTTGAAGATCCATCATTCAAGGTATATGCTGAAAAATATGTTGAAGAT 
D A A L F E D P S F K V Y A E K Y V E D 
CAAGAAGCATTCTTCAAAGACTATGCTGAAGCCCATGCCAAGCTCAGCAACCTTGGTGCT 
Q E A F F K D Y A E A H A K L S N L G A 
AAGTTTGACCCTCCAGAGGGTATTGTGATTGATGATGCATCATCAAAACCTGCAGGAGAG 
K F D P P E G I V I D D A S S K P A G E 
AAGTTTGATGCCGCCAAATACTCATACGGGAAGGATtgattaaaaacaagtttC(^jlLi. 
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(C) 
SAPX 
tAPX 
CCTGCAGGAGAGAAGTTTGATGCCGCCAAATACTCATACGGGAAGGATTGATTAA-AAAC 
CCTGCAGGAGAGAAGTTTGATGCCGCCAAATACTCATACGGGAAGAGAGAGCTATCAGAT 
SAPX AAGTTTCCATGTTTTGTTGTGACCGTGTC 
tAPX TCAATGAAGCAGAAGATTCGGGCGGAATACGAAAGCTTTGGTGGAAGTCCAGATAAGCCT 
SAPX 
tAPX TTACCAACAAACTACTTCCTTAATATCATACTTGTGATTGCTGTTTTGGCAATTTTGACA 
SAPX 
tAPX TCTCTTCTAGGAAACTGAGGTTTTGAATCTACCTTTATTTCTCAACACAATGTCTTCTGA 
SAPX 
tAPX TTTCACGATCCATTTCTAATGCTTACCTACTTGAAATT 
Fig. 1. Nucleotide and deduced amino acid sequences of pumpkin sAPX cDNA. A: The nucleotide sequence of the putative coding region is 
shown in uppercase letters and the 5'- and 3'-noncoding regions are shown in lowercase letters. The deduced amino acid sequence is presented 
in the single-letter code under the nucleotide sequence, starting at the first in-frame methionine residue and ending at the first stop codon, indi-
cated by an asterisk. Arrowhead indicates the putative site of cleavage of the transit peptide, as estimated from the N-terminal sequence of tea 
sAPX and spinach tAPX. Primers for PCR (ASA-SI and SAPX-II) are underlined with an arrowhead indicating the polarity. B: Comparison 
of the deduced amino acid sequences of the carboxy termini of sAPX and tAPX [11]. C: Comparison of the nucleotide sequences encoding the 
carboxy termini of sAPX and tAPX [11]. 
2.4. Southern blot analysis 
Total DNA (10 ug) was digested with MM, Sail, Xhol and BamHl. 
The products were fractionated on a 0.8% agarose gel, transferred to a 
Zeta-Probe blotting membrane (Bio-Rad, CA) by the capillary meth-
od and fixed by exposure to UV-light (Funa-UV-Linker, model 
FS-800; Funakoshi, Tokyo, Japan). The fragment corresponding to 
pumpkin sAPX was labeled with [32P]dCTP (Amersham, Japan) using 
a Megaprime DNA labeling system (Amersham, Japan). The mem-
brane was hybridized in 50% formamide, 0.12 M sodium phosphate 
(pH 7.2), 0.25 M sodium chloride, 7% SDS and 1 mM EDTA (pH 
8.0) with 1.0X 106 cpm-mr1 of radiolabeled DNA probe for 18 h at 
42°C. The membrane was washed at 42°C in 2XSSC plus 0.1% SDS 
for 15 min, in 0.2XSSC plus 0.1% SDS for 15 min, in 0.1 XSSC plus 
0.1% SDS for 15 min. The membrane was used to expose to the 
imaging plate of a Bio-Imaging analyzer (FUJIX BAS2000; FUJI 
Photo Film, Tokyo) with an exposure time of 18 h. 
2.5. RT-PCR analysis 
First-strand cDNA was synthesized as described previously (see 
Section 2.2) using poly(A)+ RNA prepared from 5-day dark- and 
2-day light-grown cotyledons. PCR was performed as described pre-
viously (see Section 2.2) except for EX Taq DNA polymerase (Takara 
Shuzo, Kyoto, Japan) and specific primers; the 5'-common sense 
primer of sAPX and tAPX (ASA3; 5'-CCTGGACTGTACAAT-
GG-3') and the 3'-specific antisense primers for tAPX (3'-non; see 
Section 2.3) and sAPX (SAPX-I; 5'-AGACGCGGACATCACA-
GATGTC-3'). The condition were 25 cycles of 45s at 94°C, 45s at 
52°C and 45s at 72°C. 
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(A) CCTG 
ASA3 
w 
GACTGTACAATGGCTGAAGTTCAACAACTCATATTTTAAGGATATCAAAG 
T V Q W L K F N N S Y F K D I K E 
AAAGGAGAGATGAAGAATTACTGGTATTGCCAACCGATGCTGCTCTCTTT 
R R D E E L L V L P T D A A L F 
GAAGATCCATCATTCAAGGTATATGCTGAAAAATATGTTGAAGATCAAGA 
E D P S F K V Y A E K Y V E D Q E 
AGCATTCTTCAAAGACTATGCTGAAGCCCATGCCAAGCTCAGCAACCTTG 
A F F K D Y A E A H A K L S N L G 
GTGCTAAGTTTGACCCTCCAGAGGGTATTGTGATTGATGATGCATCATCA 
A K F D P P^t^G I V I D D T S S 
AAACCTGCAGGAGAGAAGTTTGATGCCGCCAAATACTCATACGGGAAGgt] 
K P A G E K F D A A K Y S Y G K 
cgtatncattacaaactttcttntttcccatttcatttatttgcatgata 
aatttctttaaaaaatctcgtcttcataaaatgtttatcttctctacttt 
tggttgtctactgcpigjgattgattaaaaacaagtttccatgttttgttgt (sAPX) 
D * 372 
gaccgtgtcttttaatatacgagttgagaagatatattccaaaccctgac 
gaataaaattcaatagtgtattgcctatttgaattgcbghGAGAGCTATC (tAPX) 
^ * E L S 375 
AGATTCAATGAAGCAGAAGATTCGGGCGGAATACGAAAGCTTTGGTGGAA 
D S M K Q K I R A E Y E S F G G S 392 
GTCCAGATAAGCCTTTACCAACAAACTACTTCCTTAATATCATACTTGTG 
P D K P L P T N Y F L N I I L V 408 
ATTGCTGTTTTGGCAATTTTGACATCTCTTCTAGGAAACtgaggttttga 
I A V L A I L T S L L G N * 421 
atctacctttatttctcaacacaatg^ttctgatttcacgatcc 
(B) 
sAPX mRNA 
ASA3 pumpchlA 
APX gene W 
tAPX mRNA 
Fig. 2. A: The nucleotide sequence around the carboxy terminal of the pumpkin chloroplastic APX gene is shown. The nucleotide sequence of 
the exon is shown in uppercase letters and the intron and 3'-noncoding region are shown in lowercase letters. The deduced amino acid se-
quence is presented in the single-letter code under the nucleotide sequence with numberings on the right. Asterisks indicate the stop codons 
and boxes represent the consensus sequences found in the beginning (GT) and the end (AG) of an intron. PCR primers, ASA3, pumpchl A, 
SAPX-I and 3'-non, are underlined with an arrowhead indicating the polarity. B: Schematic representation of mRNAs and the gene. The 
hatched and filled boxes correspond to exons and the open boxes correspond to introns. Primers for PCR and the consensus sequences corre-
sponding to the splice donor and acceptor sites are shown. 
2.6. Immunoblot analysis 
Pumpkin cotyledons grown under various conditions were homo-
genized with SDS-loading buffer (50 mM Tris-HCl, pH 8.0, 1 niM 
EDTA, pH 8.0, 0.2 mM NaCl and 10% SDS) and then the homoge-
nates were centrifuged at 12000X rpm for 10 min. Supernatants were 
subjected to SDS-PAGE on a 10% polyacrylamide gel as described by 
Laemmli [14] and transferred to a nylon membrane (Schleicher and 
Schuell, Dassel, Germany) in a semidry electroblotting system. Anti-
bodies against pumpkin mbAPX prepared as described previously [1] 
were used and the polypeptides on the membrane were visualized with 
1:5000 dilution of horseradish peroxidase antibodies against rabbit 
IgG (ECL System; Amersham, Japan). 
3. Results and discussion 
sAPX was cross-reacted with antibodies against the carboxy 
terminal 82-residue polypeptide of tAPX but cAPX and 
mbAPX were not [11]. The immunoreactivity suggests that 
sAPX contains homologous sequences to tAPX. Furthermore, 
we had determined the genomic sequence around the carboxy 
terminal region of tAPX (Fig. 2A). The genomic sequence 
showed the possibility that tAPX and sAPX are produced 
by alternative splicing. Therefore, RT-PCR was performed 
to amplify the coding region of pumpkin sAPX using primers 
of ASA-SI and SAPX-II (Fig. 1). The 1.2-kb product was 
cloned into pBS vector and sequenced. The complete nucleo-
tide and deduced amino acid sequences are shown in Fig. 1A. 
The cDNA consists of 1208 bp and contains a 1116-bp open 
reading frame that encodes a polypeptide with 372 amino 
acids with a total molecular mass of 40661 Da. In the case 
of cleavage of the transit peptide on the C-terminal side of 
Cys-77, the calculated total molecular mass is 32 594 Da. This 
is in good agreement with the molecular mass of polypeptides 
recognized by antibodies against pumpkin mbAPX [11]. The 
nucleotide and deduced amino acid sequences of sAPX have 
been reported for spinach [6] and Arabidopsis (unpublished, 
accession no. X98925). The pumpkin sAPX was 76% identical 
with spinach sAPX. The sequence of the cDNA showed com-
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plete identity with that of pumpkin tAPX cDNA [11] except 
for the carboxy terminal region, which contains a putative 
thylakoid-spanning domain (Fig. 1B,C). sAPX contained the 
transit peptide to chloroplasts but the lack of the thylakoid-
spanning domain may make it remain in the stroma. The 
complete identity except for the carboxy terminal region be-
tween sAPX cDNA and tAPX cDNA suggests that alternative 
splicing causes a single gene to give rise to two mRNAs whose 
translated products are localized in different parts within cells. 
In higher plants, it has been reported that the synthesis of 
several enzymes are controlled by alternative splicing [6,15-
20]. To investigate whether sAPX and tAPX in pumpkin are 
also produced by alternative splicing, we amplified pumpkin 
genomic DNA around the carboxy terminal region by PCR. 
A unique fragment of about 550 bp in length was amplified, 
subcloned into pBS vector and sequenced. The sequence 
showed the presence of a 291-bp intron that contains one 
donor site and two acceptor sites (Fig. 2A), suggesting that 
the synthesis of sAPX mRNA or tAPX mRNA depends on 
which acceptor site is used for the splicing (Fig. 2B), as occurs 
with the rat A3 adenosine receptor mRNA [21]. The nucleo-
tide sequences of independently isolated products of PCR 
amplified from the genomic DNA had the same nucleotide 
sequence as shown in Fig. 2A. 
To identify whether another sAPX gene exists, DNA from 
leaves of pumpkin was isolated, digested with Mlul, Sail and 
Xbal (none of which cuts pumpkin sAPX cDNA) and with 
BamHI (which cuts the cDNA at one site) and then subjected 
to Southern blot hybridization using pumpkin sAPX cDNA 
as a probe. As shown in Fig. 3, the sAPX probe hybridized to 
a single band in the case of the digestion with Mlul, Sail and 
ft* -oTr 
M S X B kbp 
21 
2.2 
Fig. 3. Southern blot analysis of pumpkin genomic DNA. Genomic 
DNA (10 ug each) was digested with the restriction endonucleases 
indicated, separated on a 0.8% agarose gel, transferred to a Zeta-
Probe blotting membrane (Bio-Rad) and probed with a 32P-labeled 
pumpkin sAPX cDNA fragment. The size of DNA fragments are 
shown in bp on the right. M, Mlul; S, Smal; X, Xhol; B, BamHI. 
Fig. 4. PCR amplification of truncated sAPX- and tAPX-specific 
mRNA. RT-PCR was carried out using mRNAs prepared from 
5-day dark- and 2-day light-grown cotyledons. The products were 
analyzed by electrophoresis on a 1% agarose gel and stained with 
ethidium bromide. 
Xbal, while it gave two bands in the case of BamHI. We have 
already obtained a cDNA clone for pumpkin mbAPX (Ya-
maguchi and Nishimura, unpublished data). The identity with 
amino acids between chloroplastic APXs and mbAPX is less 
than 30%. Although cDNA for pumpkin cAPX has not been 
cloned, comparison of cDNA sequences from another plants 
shows more than 80% identity between cAPXs and less than 
30% identity between cAPX and chloroplastic APXs. These 
show that the probe used in Southern blotting (Fig. 3) does 
not hybridize to genes for mbAPX and cAPX under our ex-
perimental condition. These findings indicate that sAPX in 
pumpkin exists as a single-copy gene and alternative splicing 
produces two kinds of mRNAs for sAPX and tAPX. 
RT-PCR was performed to monitor the presence of two 
kinds of mRNA as templates of first-strand cDNAs synthe-
sized from mRNAs of 5-day dark- and 4-day light-grown 
cotyledons. The 5'-common sense primer of sAPX and 
tAPX (AsA3), and the 3'-specific antisense primers for 
tAPX (3'-non) and sAPX (SAPX-I) were used. Judging 
from the nucleotide sequences of sAPX (Fig. 2A) and tAPX 
[11], the combination of the AsA3 and 3'-non primers should 
give a 508-bp fragment and that of the AsA3 and SAPX-I 
primers should give a 406-bp fragment. These bands can be 
seen in lanes tAPX and sAPX of Fig. 4, respectively. Fig. 4 
shows that each band is amplified in accordance with specific 
primers, suggesting that two kinds of mRNA are expressed 
within pumpkin leaves. 
How are the expressions of sAPX and tAPX regulated? To 
obtain a clue, we investigated developmental changes in the 
levels of the sAPX and tAPX proteins in pumpkin cotyledons 
during germination and subsequent greening. We previously 
detected four APX isoenzymes with molecular masses of 38, 
34, 31 and 28 kDa by using antibodies against pumpkin 
mbAPX [11]. Furthermore, it was shown from subcellular 
fractionation experiments that APX isoenzymes with the 
same molecular masses are localized in the thylakoid, stroma, 
microbodies and cytosol, respectively [11]. The relative 
amounts of two kinds of chloroplastic APXs (tAPX and 
sAPX) in the extracts of pumpkin cotyledons grown in the 
S. Mano et al.lFEBS Letters 413 (1997) 21-26 25 
sAPX tAPX 
Dark 
Light 
100-
# 
o 
S 
« 
PS 
Dark — — — 
Light 
Days Days 
Fig. 5. Developmental changes in the relative amounts of sAPX and tAPX polypeptides in pumpkin cotyledons after germination. Total protein 
prepared from pumpkin cotyledons was subjected to SDS-PAGE, which was followed by immunodetection with antibodies against mbAPX 
(top panels). The relative amounts of the sAPX and tAPX polypeptides were determined densitometrically and plotted (bottom panels). 
(•) seedlings grown in darkness; (o) seedlings transferred to continuous illumination at the 5-day stage. 
light and in the dark were determined by immunoblotting 
(Fig. 5, top panels). The immunoblot was quantified with a 
densitometer and plotted (Fig. 5, bottom panels). When seed-
lings were grown in darkness, the level of tAPX protein (right 
lower panel, closed circles) was hardly detected until the 5th 
day, whereas the level of sAPX protein (left lower panel, 
closed circles) gradually increased. The amounts of the two 
proteins increased rapidly when 5-day-old seedlings were 
transferred to an illuminated area (lower panels, open circles). 
Other chloroplastic enzymes also showed rapid increases as a 
result of illumination [22]. However, the different levels of 
induction of sAPX and tAPX in 7-day-old greening seedlings 
in the dark suggest that alternative splicing for sAPX and 
tAPX mRNAs in the cotyledons might be regulated by their 
developmental and environmental condition such as light. 
Although we performed this experiment several times with 
different extract preparations, the similar developmental pat-
terns were obtained in all cases. 
Alternative splicing is a well-known post-transcriptional 
regulatory mechanism in eukaryotic organisms. It has been 
reported that the synthesis of several enzymes in plants [15-
20,23] and mammals [21,24,25] is controlled by alternative 
splicing. Previous work in our laboratory has shown that 
two kinds of cDNA clones for hydroxypyruvate reductase 
(HPR), HPR1 and HPR2, were produced by alternative splic-
ing and their subcellular localizations were different because 
HPR1 protein contains the carboxy-terminal tripeptide Ser-
Lys-Leu which is known as a targeting signal to microbodies 
[26,27] but the deduced HPR2 protein does not [17]. In this 
report, we provide another example that two proteins that are 
localized in different subcellular compartments and that are 
produced by alternative splicing. Further analysis at the 
mRNA level of sAPX and tAPX will provide new information 
on the regulatory mechanism of the expression of sAPX and 
tAPX by alternative splicing. 
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